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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECENICAL NOTE NO. 668

et

HYDRODYNAMIC AND AERODYNAMIC TESTS OF MODELS OF
FLYING-BOAT HULLS DESIGNED FOR LOW AERODYNAMIC DRAG
N.A.C.A, KODELS 74, 74-A, AND 75

By Starr Truscott, J. B, Parkinson,
John W. Ebert, Jr., and E. Floyd Valentine

SUMMARY

N.A.C.A. models 74, 74~A, and 75 were tested in the
NA ,C.,A., tank to determine their hydrodynamic properties
and in the N.,A.C.A., 20-~foot wind tunnel %ts determine their
aerodynamic properties. The forms of these models were
derived from that of & solid of revolution having a low
alr drag, and the departures from the form of this low-
drag body were the minimum consldered to give satisfactory
take-off performance. Model 74 has a rounded bottom with
flared chines, & transverse step with a small fairing aft
of it, and a pointed afterbody. Model 74~A has the sane

form except for the removal of the falring aft of the step.

Model 75 has a polinted step and a horizontal afterbody de-—
rived from the form of the N.A,C.A. model 35 series.

The models were tested iIn the tank free—~to-trim and
at fixed trim according to the general method. The gener—
al test data from the tank are presented in the form of
resistance and trimming-moment coefficlients against trim.
The wind-~tunnel results are given as drag coefflclent
againsgt trim., The take~off performances of models 744
and 75 are compared by take-off calculations for a hyvo-
thetical seaplans having 250,000 pounds gross weight.

When compared on the basis of equal volumes, esach of
the models has a lower aerodynamic drag than any model of
a counventlonal hull tegted in the 20~foot wind tunnel.
Hodel 74-4 has lower drag than motdel 75 but modsl 75 has
lower resistance at high speeds on the water and better
take—~off performance for the hypothetical scaplané inves-
tigated. The aerodynamic refinement leads to high watei¥
resistance at certain combinations of trim and load, dub

satisfactory take—~off performance ean be attained by propsr

i,

control of the %rim,
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INTRODUGT ION

The aerodynamic drag of conventional flying-boat hulls
is from 75 'to 150 percent greater than that of an alrshlp
ferm having the same frontal area (reference 1), This
high drag i1s relatively unimportant where, as has commonly
been the case, 1t is a small part of the total dragz of the
geaplane, but, with the high wing loadings associated wilth
very large flying boats, it may easily be as much as 25
percent of the total drag. For such aircraft, a sizeable
reduction in hull drag will have a large favorable effect
on the flight performance.

Unfortunately, the form ofthe hull is influenced by
congiderations which confliect with that of low asrodynanic
drag, Any reduction in drag obtained sinply by reducing
tho size of the hull ig linmited by the smallest size nec-
esgary for adequato seaworthiness, sulitadle take-off por-
formance, and space for accomnodation of the useful load.
Reduction in drag by aerodynamic refinement of the form
can be carried only to the extent beyond which the allowa-
ble water performance is impalred, The ljimlitations of the
slze are determined by the intended gervice and thrust
available;. those of the form must be found by experiment.

A general program having for its purpose the develop—
ment of low-drag forms of hulls suitable for high-pesrform-
_ance flying boats and the provision of systematic design
data regarding such forms is being undertaken by the Com-
nittee. As an exploratony step to determine the posesible
value and scope of this progran, two models with what
were conslidered the minimum of departures from a stroamw-
line body conmensurate with satisfactory water peorforn-
ance have boen testod in the W.,A.CG.A, tank and in the
N.A,C.A, 20~foot wind tunnel., The data from the tests are
reported at this tine as an ald in dosign studiesg for fly~
ing boats in which the drag of the hull is an inporitant
consideration.

DESCRIPTION OF MODELS

A gurvey of the .forns of succeoessful flying-boat hulls
indicates that the best shape of the basic streanline forn
from which a low-drag hull may be derived will differ fron
that of an airship in the following particularg: The bas-
iec form should have & more forward position of -the. maximun
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ordinate and a greater fineness ratio than the airship
form in order that the planing surfaces and the tail ex~
tenslon can bs properly proportioned. The basic form

- should have more volume forward for seaworthiness and a

finer form aft to minimize interfersnce with .spray.. The
after end of the bagice form must be ralsed %o provide
satisfactory clearance -of the tall extension on the water

and an elevated support for the tail surfaces.

The forms of N.A.C.A, models 74 and 75 were therefore
based on an arbitrary solid of revolution with a finenéss
ratio of 7,22, the maximum ordinate at 30 percent of the
length, and the prismatic coefficient 0.606. The axig of
revolution was curved upward aft to give the mininun clear-
ance of the tall thought to be necessary. The longitudi-
nol distridution of the wvolume of this vasic form is com-
pared in figure 1 with that of a typical low-drag fuselage
form, N.A.C.A. form 211 (reference 2), and of two typical
alrghlip forms.

The lines of the mecdels are shown in figures 2 and 3,
and the correaponilng offseta are glven in tables I and
II. Model 74 haz o rounded botton closely following the
shape of ths basic form, a shallow transverse step, and a
pointed afterbody. This foorn has a fairing aft of the
step shown in figure 2. fiter preliminary iank tests, the
fairing was »omuved in an atvempt to improve the water
characteristics, and the altered model was designated mod-
el 74-4A, e

Model 75 has a form derived from N.A.C.A. model 35
(reference 3), the characterigtic pointed step and great
afterbody clearance of this form being used to obtaln low

resisbance at high planing speeds.. The bow is llke that

of model 74-A, but the rounded bottom forward gradually
changes to . a V-bottom and kesl near the step. Unlike the
form of model 35, the afterbody chine fades out at a point
nearly above the step and the height of the vertical side
above the forebody.chine is reduced to almost zero.

The trim, in the hydrodynamic data, and the angle of
pitch, in the asrodynamic data, are the ungle between the
model base lines and the horizontsl.

Photographs of the models showing détails of the

formg of the bottoms are given in figures 4 and. 5. The

models are made of laminated mahogany and.were carefully
finighed with several coats of pigmented varnish.

-

‘e
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In the derivation .of the hull_lines, the departures
from the basic form were kept as small as were thought —
possible for satiafactory water verformance. ' The plan
forms of the models were held the same as that of the bas-
lec form, and other changes were made wholly outside and
below the circular sections of the basic form. Tho lines
are thorefore usoful for cases in which the interior is %o
be supercharged for passenger comforé.at high altitudes,
the baslc form becoming the pressurs cadbin, In both mod- _ ..
els, the chinesg at the bow were located in. diagonal planes .
through the axis of the basic form to ninimize the flow
acrosg them at low angles of attack. .

1y

. HYDRODYNAMICO TESTS .

Apparatus and Procedure

The models were tested in the N.A,C.A. tank (refer-
ence 4) using the towing gear described in reference 5, z
The tests were made in Octover 1937, immediately after the
towing carrlage had been rebuilt for high-speed operation
but before rather sevore vibration caused by eccentricity
of the wheels and tires had been eliminated. Thieg vibra-— -
tion introduced some errors into the data taken above 25
feet per gsecond because of the added diffieculty in reading
and recording mean values. These errors werc reduced as
much as possible in the fairing of thse curves. . _ .

The models were first tested free-to-trim at one ag-

sumed value of grosg load and get-away speed, the load on -
the water being adjusted by -the hydrofoil 1ift device da-
gcribed in reference 4. In these tests, the models were
pivoted about the centers of moment shown in. figures 2 and
3 and were balanced voertically and horizontally about the
Pilvot. General tests at fixed trim were then made over a
range of speeds, loads, and trims intended to include all
ugeful combinations of these variables. o "

The measured resistance includes the aerodynamic drag
of the model. The values of trimnming moment likewise 4in~
clude any aerodynamic moment of the model and the values
of load include that carried by any aerodynamic 1ift of the
model., These aerodynamic forces are considered to be ne g o
ligible but are properly included when the tegt results
are intended for design calculations.

- -
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Results and Discussioﬁ
The results of the tank tests are given in the form

of the wusual nondimensional coefficientsg defined as fol-
lows:

lResistance coefficient, GR = R/w'b3

Load coefficient, Oy = A/wd®

Speed coefficlent, Oy = v/vfgf

Trimming-moment coefficient, Oy = M/wd*
whereo R is resigbance, 1h. o

A, ioad, 1b.

v, speed, f.p.s. _ _ S

M, +trimming moment, lb.-fth.

b, maxinum bean, ft.

W, specific weight of water, 1b,/cu. ft.

g, acceleration of gravity, 32.2 ft./sec.®

Any other consistent system of units may be used %o

.form tnese coefficlents.

O

for a typical: oondition of, load;ng are plo%%ed in figure
6., "Iz this figure. model 74~A bag lower’ redistance at Iaw
speeds-although it trims higher. The ninimum A/R  of
model 74-A at the hump speed is about 4.7, and, If the
sharp peak at the hump. for rodel 75 can be- congidere& asg
having: little adverse effect on the take- cff the nininun

AR - of nodel 75 is approximaiely the sane. THE Trinm of
nodel 75 at -high spveeds is too low, and hence its Tesist-

ance is much higher. It will be shown latoer, however,

that the reosistance at% best trim of nodel 75 at” these
speeds is lower than .that of nodel 74-A; hence the compar-—
ison at high spoeds in this figure 15'6f no'*mpo*tandb'if
it is assuned that the trin for both nodols will be prop-—
orly controlled. —_— T

Free—to-trin tésts of model'74fwere’ﬂdﬁ'madd at the 7

Freb tox~ tr1m.~ The results of the frée-uo trim tests“
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initial load used with models 74-A and 75 but correspond-
ing data deduced from the prelinminary general tests of
this nodel indicated that the fairing of the step shown in
figure 2 had a negligible sffect on the free~to~trim T~
glastance up to & speed coefficient of 4.0.

Tyrical photographs of the models taken during the
free—~to~trin tests are given in flgures 7 and 8. If any-
thing, model 74-A ran cleaner than model 75’ at low spceds
but, as may be geen from the figuresg, the differonces in
the helight and the volume of objectionable gpray are small,
The after ends ofboth models were wetted at low gpoeds
and a lower position of the tail to odbtain a further re-
ductlion in aerodynanic drag does not appear to be dosira-
ble., Model 75 has a higher roach aft of the tall than
does modol 74~A but the pletures indicate that tall sur-
facesg located above the deck line and forward of the after
perpendicular will be clear of spray from the afterbody in
gither case,.

The low bow resulting from the close adherence to the
gtreamline form ig heavily wetted at very slow speeds.
The objectionable flow around' it rapidly disappears as the
speed and the trim increase, and at hump speod its fornm
should have a negligible ‘effect on. the shray formation ex-
cept in extremely heavy seas. 4s a part of the general
progran, it is planned to obtain some '‘qualitatiwve informe-
tlion on the behav1or of such forns of bow in short choppy
waves.

General tegts.~ The most important use of general
test data 1s considered to be in calculating the take-off
performance of hulls derived from model lines for specific
design problems. By this means, the relative merit of-
different hull forms may be determined and changes in size
or in the aerodynamic characteristics of the Seaplane may
be evaluated in terms of time and distance of take-off or
overload capaclity. The general test data of models 74-A
and .75 (figs. 9-and 10) are therefore presented in the
form of resistance and. trimming-moment coefficients againgt
trim for sélected speed coefficlents. This form of plot
has been found to be more directly applicable in perform-
ing the calculations than the usual plots against speed
coefficients because the water Fesistance at a given gpeed
is a function of the trim, which is in turn a function of
the trimming moments acting,

The arrangement of the data in this form immediatoely
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broadens the scope of the general test in determining the
effect of parameters influencing the take-off performance.
At low speeds where the water forces are predominant, the
hull issusually assumed to be free-to-trim; that is, the
hydrodynamic moment about the assumed centsr of gravity is
zero and the sum of the amerodynamic moments isgs zero. TFor
the centers of moment used in the tests, this condition

is found where the curves of trimming-moment coefficient
cross zero and 1s represented by the dotted lines crossing
the curves of resistance coefficient in the figures. Tor
other positions of the center of gravity, the trim is sim-
ply the value for which the trimming-moment coefficient

‘referred to the center of moments is equal and opposite in

sign to that of the weight with respect to the center of
momentse Similarly, the effect of the large negative
thrust moment existing in present-day flying bvoats or the
effect 0f a control momont from the elevators can be de~
termined. The effect of elevator force in changing the
load on the water can be included, although the accuracy

of the data applying to the full-size hull does not usually
Justify such precise computation.

At high speeds, where the aserodynamic forces predomi-
nate, the trim isiusually determined by the aerodynamic mo-
mnents and can be controlled at.will by the pilot. For
design purposes, the desirable procedure in this case is
to assume that the pilot will use the trim at which the
total resistance is a minimum in order to make the shor%—
est take—off.

The minlmum water resistance and the trim at which it
occurs are indicated in figures 9 and 10 by the solid
lines crossing the curves of resistance coefficient that
have definite minimum points. The corresponding values of
trizming-moment coefficient are found from the lower curves
of the figures. These valucs at various load coefficients
are plotted against speed coefficient in figures 11 to 14
and their use in take~off calculations ig.described in
reference 8.

It has commonly been assumed that the trim for mini-

num water resistance is substantially the same as fthat

for minimum total resistance; this assumption proved valid
in the earlier cases investigated. With the high wing
loadings and .the high get-away speeds of large seaplanes,
however, 1t is not necessarily true at the stalling speed
and beyond; hence the data of figures 11 to 14 do not al-

ways apply for obtaining the shortest take-off. A nore.
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satisfactory approach to the best take-off may be made by
calculating the total resistance at several constant trims
in the high-speed range and determining the best trim from
the lower envelope of the family of curves thus obtalned.
A% speeds greater than stalling speed, the best trim may
become greater than that—for minimum water resistance.

The methods of callculation using the test data in figures
9 and 10 are described in more.detail in the eection on
take-off performanco.

The most favorable angle of wing setting compatible
with the trim of the hull at cruising speeds may be found
in & similar manner. The lowest total resistanceat sev-
eral wing settings is calculated and plotted against speed.
The best setting is theredby found over the range of speeds
from hunp to get—-away rather than at one arbitrary speed.
For very high wing loadings’, the .best wing setting is usu-
ally higher than can be used for best flight performance
and -the actual setting will therefore be determined by the
allowable trim in flignv* ST L

the models is unsatisfactory at. ceruain combinations of
trim, speed, and load that might bé encountered in some
applications of -the lines, Model 74-A has a "worst trim"
condition. at 1light loads and speed cocefficientg above 4.5,
in. which "the'afterbody is approximate1J parallel to ther
free-water surface. The 6ffect on resistanceg is shown in
figure 9 at Cy = 5.0. At 5° trim, the curves for 0, =

+08 and 0.1  are normal, corresponding -te the “usual spray
pattern around the.efterbody - As the trim 'is ‘indéreaged,
the flow" suddenfy covers the. entire afterbody bottom, Tro-
sulting in 'a vertlcal instabllity and the high resistance
snown in the figures. FPurther incregse ia trim® brings the
forebody clear of the’ Water and the resistance and general
Dehavior betome mormal for a model running only on the
afterbody. At Oy = 5.5, the sihs phenomenon occurs for
the next heavier load coefficient at 8° trim. . Similar
tendencies persist at higher speed cogfficientsq

'This abnormal belavior is attributod to.the round
cross sectlions forward and aft of the step .and to insuffi-
cient depth of step, both fentures of the form being the
result of extreme aerodynamic reflnement If the aerody-
namic érag is to be kopt as low .28 possidblo, the candition :
can readily be avoided by proper coxntrol of the trim, . e R
Generally Qpeaklng}‘the 1limit to .the aerodynamic refiuemen*
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possible for a hull does not appear to be well defined,
the actual extent depending on the requirements of the de-
sign. -

Figure 10, Cy = 5.0 to 6. 0, shows some sticking of

model 75 at 8° trim for load coefficients of 0.2 and 0.3.
In this case, the increase in resistance is caused by _
spray from the forebody running over the afterbody chine
and up the'side of the basic form; it is not likely to be
met with in practice because of the high trim at which it
occurs. The water performance of model 75 could be im-
proved by increasing the width of the afterbody and carry-
ing the afterbody chine farther forward but here again a
compromise must be made with the requirenent of low aero-
dynamic dracg.

Typical spray paotographs at high speeds (flgs. 15
and 16) illustrate the adverse effect of the close adher-
ence of the models to the form for low aerodynamic drag on
the cleanness of running, 1In figure 15(a) the resistance

.and stability.of nodel 74~A are satisfactory but there is

con31derab1e flow over the afterbody and the under side of
the t2il. Figure 15(Db) at the same speed and load but at

a higher:trin shows the rodel running on the afferbody.
Only:the-uhder side of the tail is wetted. - A picture of
the "worst: trim". condition between these trims is not avail-
able’ but the effect on the spray pattern is similar to that
shown in figure 15(c). - As pointed out before, this condi-

tion may be avoided by holding the trim at high speeds %o

5° or lower.

In f1 sure 16(a), model 75 is running’cleanly at - 4°
trim but, in figures 16(Db) and 16(c), the spray runs up
along the basic form because of the insufficient afterbody
chine in the vicikhity of the step. In this form also, the
objectionable sPray and the’ resistance mar ‘be kept withln
reasonable 1iﬁ1ns by proper control of’ the triﬂ. )

Take—off performarce.~ In order to compare the tvo
hulls on the basis-of take-off performance, a take—off
calculation was made for a large hypothetlcal flying anf
having the following characteristics:

Gross Weight - - & = —mim - = o o ;_250‘,‘99_9;1_1:.

Wing area - - - T T s s s - - - 5}559_SQ' 5.

p—
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Horsepower available for take-off - - 15,000
Wing loading - = = - - = = = = = - - - 45 1b./8q. ft.

4 = = = = 16.7 1b./hp.

Power loading at take-off- -

Span ~ = = = = = = = = = = = = = - - - 236 ft,.
Yean chord - = = - = = = = - = ~ = = -~ 23,6 ft7
Geometric aspect ratio - - - - - - - - 10
Angle of wing setting - - - - - - - - 79
Split flaps - = = = = = = = = = ~ = =~ 0.20 chord
0.60 span

Flap deflection assumed during

talke-0ff = = = = = = = = = = = = = - 30°

The take-off 1ls on smooth water with no wind at stand-
ard sea-level conditions. o T

The hlgh-~speed resistance for both- models was also .
determined for an angle of wing settlng 6f:5° but was
higher than that with the wing get at 7° It was inadvis-
able to use an angle higher than ?© because, in flight,
the hull would then be at some trim lower than that of
minimum air drag.

Lift and drag curves were estimated from unpublished
wind-tunnel data. They are shown in figure 17 with the
flaps down 30°.

It was assumed that the flying boat trimmed freely,
taking into account the effect of the thrust of the pro-
pellers, until 55 percent of the get-away speed was reached,
at which point the pilot took command and held the trim at—
that of ‘least total resistance up to a speed just below
get-away. The get-away was effected by a.slight pull up
to 5° to take off ‘at 147.5 feet per second or 15 percent
-above the stalling speed. :

The hull size was assumed to bBe such that the gross
load coefficient at rest, cA , was 0.55. Thig gize gave

a beam of 19,2 feet and the following constants:
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A A
Cp = 5 = | - B G B
64(19.2) 455000 |
R R :
B 64(19.2)° 455000 T _
v v
Oy = Jomm———== .5 - (3) -
J32.2 x 19.2 249 - _
: M
Cu = : = o e —(4)

" 54(19.2)% 8730000 .

The 1ift and the drag of the wing were computed as
follows: . _

L

1/2 x 0.002378 X 5530 O.V® = 6.60 0 V2 (5)

D

1/2 X 0.002378 X 5560 O V® = 8.60 CpV® (3)

The thrust curve was assumed to be that produced br
ten 1,500-horsepower engines with l4-foot constant-speed :
propellers. The power plant of so large a flying boat -
probably would have a smaller number of more powerful
units but, in the light of existing data, it was impracti-
cal to extrapolate any farther. The thrust of the propel-
lers was assumed to act & feet above the center of gravity.

Sirce the thrust acts to depress the bow of the boat, the -
thrust moments are negative. In the free-to-trim phase of
the take-off, the water moments must be equal and opposite
to the thrust moments for equilibrium. An example of the
calculation using this method of considering the thrust
moment follows:

Symbol Definition . . Where derived Value o
CAR Load coefficient at rest ' 0.55
Vo . Assumed get-away 5peea, . - s L ST
f.P.S‘ 14:7l5
Cy Speed coefficient. 2.0 -

v Speed, f.p.s. Bguation (3) 49 .7
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Symbol Definition Yhere derived Value
Ve Speed squared . ...y® . 2,470
T Thrust, 1b. | Figure 18 53,300
TCM Thrust-moment coefficient Equation (4) -0.049
Cp First approximation at Ca [1- <€L> ] 0.490

load R G
T Trim, deg. Figure 10 4.2
Cy, Lift coefficient ' Figure 17 1.686
L Lift, 1b. Equation (B) 27,000
A Load on water, 1lb. 250,000 ~ I, 222,900
CA Load coefficlent ~ Equation (1) 0.490

This value of load coefficient checks the trial value.
If it 4id not do so, the last 6 operations would be re-
computed, using the lagt value of 1oad coeffic1ent as the
trial load.

Symbol Definition . Where derived Value
Cg Resistance coefficient Figure 10 . 0.090
R Resistance, 1b. ' Equation (2) 41,000
Cp Drag coeffilcient Figure 17 . 0.122
D Drag, 1b. Bquation (6) 2,000

R+ D  Tétal resistance, 1be = 'R + D 43,000

Similar computations were made for selected spesd co-
efficients from rest to Cy = 3.0, thereby giving the
free-to-trim resistance of the craft up to the point where
the pilot assumes control,

The trim is determined from figure 10.  In that fig-.
ure the moment is known and the load is assumed for an
approximation. The trimming- mament coefflcient curves are
entered at the positive value necessary to balance tho
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negative thrust-nomnent coefficient, and the trim is deter-
nined by interpolating between the load parandsters. This
trin is used to find the 1ift of the wings, which will gilve
the load on the water whon deducted from the gross weighb.
This welght should check the load assumed in the first ap-
proxinmation. If it does not check, then a new calculation
nust be nmade, using the computed load as the second approxi-
nation. After the load on the water has been determined,
the resistance can be read from the curves by using the
trim and visually interpolating between the loads or by
auxliliary cross plots. The. drag coefficient is found on-
the 1lift-drag curves (fig. 17), and the drag is cozputed
fromn the coefficient and added to the registance. This
procaess is.repeated for each gpeed coefficient.

The computations for high speeds are made at 1° in-
crements of trim, and a.trim whose resistance is lower
than that of the trim on either side of 1t is considered
best trim. This method of.computation does away with the
necessity of approximating tho load. Both the speed and
the trinm being known; the load is determined. The resigt-
ance is found from the trim and the load, The drag is
found and added in the usual manner. A sample calculation
for a trim of 5% follows:

Symbol - Definition ~ There der%ygi  :Y%%?é;;.; )
Gy ‘Speed coefficient ' | _ 4,25 -
v Speed, f.P.s. | Equation'(?}“_ 105.8
72 Speod squared . - ve 11,200 -
L - Lift, 1b. . Equation (7) 130,006 -
A o Load on.water,'lb. 250,000 - L 120,000 o
CA Load coefficient Equation (1) ";0.264 .
Cx Resistance cosfficient Figure 10 - 0.051 -ii:
R Resistance, 1b, Equation (2) 23,200
D  Drag, 1lb. o Equation (8) 9,800 )

R+ D Total resistdnce, 1b. R+ D : 33,0G0 -

In the foregoing calculation, the 1lift and the drag
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formulas become simply:

L

6.60 x 1,74 V38 = 11,5 V2 (7)
D=56.60:-Xx 0,133 V2 = 0,878 V& (8)

The values of 1,74 and 0,133 are the lift and the drag
coefficients, respectively, at a trim. of 5° (fig. 17).

Similar computations were made for 49 and 6° trim at
the same sgspeed coefficient and the value of R + D at 4°
was 33,900 and that at 6° wag 33,300, Inasmuch as the
total resistance at 5% ig lower than at sither 4° or &°,
50 was congidered. the best trim at this speed and the re-
sulte for it were plotted in figure 13, When the hest
trim &t high speeds has been added to the free-to-trim low
speeds, the dotted curve in figure 18 ig the result, The
alr drag plotted does not include the air drag of the hull
which 1s included in the tank data.

Wiodel 74-A has about the same margin of thrust at the
high spesds ag 1t has at the hump, This condition ig de-
gsirable because it balances the exceds thrust so as to
give a more uniform accelerating force and a smaller take-
off time, ©Neglecting the sharp péak of model 75 at the
hump, which is of so short a duration as to be congideéred
of little conseguence, the hump values of the resistances
of the two models are approximately the same, The low-
speed and the high-speed resistances of model 75 could be
changed so that the accelerating force would be & little
better balanced, as in model 74-4, by uglng a slightly
larger hull., The effect of a larger hull is tp decrease
the hump registance and to increase the high-speed resist-
ance, The use of a larger hull is not thought advisadle
because the air drag of model 75 i1s slightly higher than
that of model 74-A and to make model 75 any larger would
increase 1its air drag stlll more. Also, a decrease in re-
sistance at high speeds decreases the length of run morse
than a corresponding decrease in resistance at a lower
speed because the greater the speed, the greater the dig-
tance travelsd in a given time,

The take-off time and distance were computed as shown
in reference 6 and are as follows:

Model ‘Time, sgec. Digtance, ft.
74wA 85 e
75 80.5 - s gue
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AERODYWAMIC TESTS

Apparatus and Procedure

The aerodynamic tests of nodéls 74 and 75 were made in
the N.A.C.A, 20-foot wind tunnel. The nodels were mounted
in an inverted position on a strut in a nmanner similar to
that described in reference 1. The supporting_structufe
for these tests, however, was entirely shielded by a streanm-
line fairing extending to within 1/8 inch of the surface of
the hull. No tare-drag tests were made and o 1ifs% neas-
urenents were taken. L

The nmodels were tested at pitch angles rangtn fronm
~6% to 13° st approximately 2-1/2° intervals. A4t sEUE””/
pitch setting, measurements werés -méde at 10 air speeds
ranging from 45 to 110 niles per hour. &t the highest
speed, the Reynolds Number was approximately 10,000,0C0.

The part of the jet in which the models wers located
hag a static-presgure gradient along the jet sxis. In
these tests, the resulting horizontal-buoyancy dorrection
anounted to aboubt 14 percent of the minimum drag of the
hulls.

Values of measured drag were plotted against dynanic
pressurs, qa,. for each pitch angle. Value'sg taken fron
these curves at an arbitrary value of gq were corrected
for horizontal buoyancy and then plotted in the form of
drag coefficlents against pitch angle. - - S

Inasmuch as the balance was désigned to cope with
fluctuating loads many times the uagnitude of those en-—
countered in these tests, a calibration was nade to defter=
mine its suitability. The drag scale was found to_check
its calidbration, in gemneral, within %£0.1 pound with no in-
dication of friction effects. The points on the plots of
drag against dynanic pressure were , with few excéptions,
within £0.,1 pound of a straight line drawn through then.
The resulting points on the curwes of drag coefficient
against pltch angle were nuiually consisgtent %o a degrce
indicating a maximum error in drag measuresfient of *0,12
pound. It is therefore thought that the balance readingg’
are accurate to within *0,15 pound, or less than *5 per—
.cent -over the range ,of. pitch angles covered. In the re-
gion -of minimum drag, +the points apneared nore con91stent
and the error may be slightly less. '“
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Regults and Discussion

The drag curves for models 74 and 75 are glven in fig-
ures 19 and 20, respectively. 1In both of these figures
the drag coefficient, Op = drag/qA, ig based on the max-

imum cross-sectional area of the model. It is possible to
estimate the drag of modol 74-A by assuming that the change
is chiefly due to changing the depth of the step. Using
the corrective factor derived in reference 1 and assuming
it to be valid at other angles of pitch, the drag coeffi-
cient of model 74-A is found to be greater than that of
model 74 by 0.003. The resulting curve is included in filg-
ure 19. The trus drag curve for model 74-A probably lies
somewhere betwsen the two curves of figure 19.

The minimum drag coofficient based on cross-sectional
area 1s seen to be 0.092 for model 74~A and 0.094 for model
75. In both cases, minimum drag occurs at a pitch angle
of about =1°, Using a drag coefficient based on the two-
thirds power of the volume, the value is 0.0325 for model
74-A and 0.0342 for model 75. The ninimum drag coeffi-
cients of the two models based on the cross~sectional arca
therefore differ by 2.2 g rcent, but the minimum drag cooffi-
clents based on (volunme) differ.by 5.2 percent.

From a comparison of the data of reference 1 and these
testsg, it might appear that models 74-A and 75 do not rep~
resert much of an improvement over N,A.C.A. models 1l-A
and 26 as far as minimum drag. is concerned. The minimum
drag coefficlent of model 26 is theo same as that of modol
74~-A and lower than that of model 75. The nmininum drag
coefficicnts of models 74-A and 75 based on the two~thirds
power of the volume, however, are lower than any reported
in reference 1,

For a gpocilfic design problqn. the size of the hull_
may be governed by the necessity of having certain sea-
worthiness and take~off characteristics and enough space
for the suitable accommodation of the useful load. It is
necessary, therefore, to make a detailed analysis of each
case 1In order to determine the relative merits of differ—
ent hull forms on the basis of drag.

The models of the present investigation have their
minimum drag o6¢curring at a lower pitch angle than elther
model 11~A or model 26, The computation of take-off per-
formance has already shown this feature to be a definite
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advantage. Models 11l-A and 26 are of a lower fineness ra-
tio than the models of this investigation and do not have

a comparable extenslon for the support of the tail surfaces.
At -pitch angles other than that of minimum drag, models.
74-A and 75 are seen to be of merit in that their drag in-~
creases. less with pitch angle than the drag of any of the
models of rcference 1. T

CONCLUDING REHARKS

The present tests illustrate how, the aerodynamic drag
of a flying-boat hull may be reduced by following closely
the form of a low-drag aerodynamic body and also. the man-
ner in which the extent of the aerodynamic.refinement is

limited by poorer hydrodynamic performance. This 1imit is o

not sharply defined but 1s first evidenced by an abnormal
flow of water over certain parts of the form accompanied
by a sharp increase in resistance, i.s., "sticking." 1In
the case of models 74~A and 75, the sticking occurs only at
certain combinations of speed, load, and trim and can be
avolded by proper control of the trim at high water speeds.

Hodel 75 has higher water resistarce at 1ow speeds
and lower:resistance at’very high speeds thah does model
74-A, TWith congtant-speed propellers and high take-off
speeds, it dppears.that the form of model 75 weuld give
slightly better take-off performance. Model 74-A, however,
has lower aerodynamic drag than does model 75 for the sanme
volunme of hull,

Langley Hemorial Aeronautical Laboratory,
Fational Advisory Committee for Aeronautics,
Langley Field, Va., September 20, 1938
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TABLE

I

OFFSETS FOR N.A.C.A. MODEL Ta-A
[Inches]

statiod Dt:;;o . Distance tBrm base line Half-bresadth Radii
29 I x | on | m |1ioonl 200t ook ason| su0n| srdot| moaor] D | | T [RB |M |Be | M| K
1 0.60 0.75(1.02 0o  Ji.o7|0. 1.24{1.24 |-3.651.1.65
2 2,85 1.96(2,49 o la.86|1.7a 5.0M!5.04| 3.80[10.76
3 5.10 2.79}3. 41 o |4.07[2.38 4.164.16] 3.57[42.3
& 9.60 5.88|4.65 o [5.67]s.24 5.67|5.67| %.50
5 |is410 4,54 (5. 44 o 16.63]5.7 6.63|6.65] 5.01
6 |18.60 4.95(5,92 0 |T.22{4.13 7.22|7.22 | 5.43
7 |2s.10 5.21]6.24 o [T.6L[4.35 7.6L|7.61| 5.76
8 |271.50 5.35 6,40 0 |7.8L]4.47]  |[7.80|7.81}5.89]| |a
9 | .10 5.43/6.50 0 [T.95|4.54 7.93|1.95| 6.00
10 | 3660 5.526.59 o |1.96]4.60 (7.96i8.04 ! 6.00] |2
11 | a.lo 5.616.68 0 |7.96]4.66 7.9418.15 | 6.0L
12 .| 45.60 5.70[6.77 o [1.874.T2 7.87!8.26 | 6.05
ur 50.10 5.82(6.88 02 ]7.75|4.80 T.75(8.39 | 6.15
A }50,10 5.51(6.356 .02 ([7.75|a. 62 T.75|8.08 | 6.46
14 | 54.60|7.75{5.25 T.64 | 7.4 {7.10 [6.62 |6.08 |5.64 |5.3% } .09(7.52 8,02|7.58
15 | 59.10{7.42(|5.06 7.2 [ 7.08 [6.T4 {6.29 [5.80 {5.% |5.09 | .20|7.14 T.6A4{7.37
16 | 63.60]7.16]5.05 7.0L [ 6.78 [6.45 |6.0L |5.5T |5.19 .366.53 7.05{T.11
17 | 68.10]/6.94]5.1% 6.76 | 6.52 |6.1T |5.77 |5.38 .56[5.65 6.15]6.80
18 | 72.60|6.76|5.40 6.55 |6.30 [5.95 |5.58 .80 (4. 49 %.99(6.45
15 | 17.10[6.63|5.80 6.40 [ 6.15 1.09 |2.96 3.46(6.05
20 |81.60|6.54{6.29 6.29 l.52|1.02 1.52/5.61
21 | 83.35(6.52]6.52 1560 «6515.43
22 86.10{5.59 1.80 5.12
25 | 90.60(4.73 2,22 4.59
2% | 95.10(4.02 2.69 4.10
25 |99.60|3.%9 3.20 5.%
26 1104,1012, T3 3.75 2,75
27 [108,60|2,03; A.34 2.05
28 [12,80[1. 4.96 1.25
29 [11s.00| .87 5.14 -87
30 [14.60} .51 5.23 <51
A.P. [14.85/|0 5.27 o

Bpistance of buttocks from center line.

19

Liva.
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TABLE II _ -
OFFSETS F%M{A. MODEL 75
I#;;. Distance from base line Half-breadth Radil

Bt Fel 4 S R :zo'* 21.3':30't :50' 51.5‘80’- 7!."001 ¢ |z |D :"oob 5,600 :.I:ob 2"..1.‘15;0b 1208 F1 | s

1 0.0 1.2& |o.82|0.96 o [1.15]0.80 1.2 0, |

2 2,85 s.08 |2.00f2.3a 0 [2.86[1.96 2.95 |3.0A .40

3 5.10] 416 2,7513.20 [¢] 5.90(2.67 &, 07 (416 1,90

4 9.60| 5.67 |[s.7H|4.35 0 [5.m[3.63 5,35 |5.59 |5.61E.

5 |1alo| 6.65 |a.=|5.09 o |6.21]4.25 6.2% | 6.42 |6.56 |6.65 5,05

6 |18.60] 7.3 |4.825.54 7.15 |6.65 [5.86 |5.08 o |s.eT|s.68 6.9% | 7.06 |T-17 |T.22

7 23.10| 7.85 |5.16|5.88 761 | 7.30 [6.285 {5.51[5.26 [0 [|1.35[4.95 T.%S | .50 [1.57 |1-6L

8 |27.60] 8,25 |5,6/6.16 7.95 | 7.4 [6.72 | 5.94 | 5.55 |0 |7.67]5.16 T.73 | T-T8 [7.80 |7.61| |

9 | a10| 857 |s.13)6.42 8.18 | 7.68 |7.00 6,52 | 5.88 |0 [1.88]5.37 L.30 | T.91 17.52 [T.55

10 | s6.60] 8.6z |5.94)6.65] |8. |1.82 7.2 |6.62|6.12 |0  |7.96(5.55 L5606 1198 [T-5)

11 a.10| 9.0r |6.22|6.85|5.97(6.50 |7.98 |7.44 [6.87|6.38}0 [7.68{5.70|5.50 | 7.7 | T.BL 7.90 | T.5% | T.95] |
2 | 35.60| 9.16 |6.68|7.00]6.43|8.64 |8.14 |7.60 | 7.09 | 6.06| 0  |6.85[5.845.84 [7.16 | 7.51 | 7.69 | T.B1 [ 1.57

15 | s0.10l9.27 [ |7.36] lm1ils.7r le.26 |7.78 |6.77 | 425 | .02|5.34 5.45 (6.4 | T.02 | 7.8 | .62 |T. D5

14| sh0lo.3 [® [s.20 8.04]8.89 [8.38 [7.02 |5.48 | 2.96] .09]s.09 %.25 | 5.51 | 6.45 | 7.06 | T.42 [ 7.58

15 $9.10[9.25 9.50{9.50 9.25 .20(0 - Straight 7.57

16 | 63.60] 7.50 |4.43 6.81 [6.07 | 5.26 .36 |5.45 T.1L

17 | 8.10] 6.75 |4.54 6.18 | 5.65 | 5.03 .56|5.24] 6.81

18 | 72.60| 6.47 [4T5 . Balent | .80]4.75] 6.45

13 | 17120| 6.4 [5.02 S SEeient | 1.09}s.92] 6.05

20 |ane| 1. |s.50 L Surelsht | 1.42]2.56 5.6

a1 |esss| 18 |5 e 1.56(1.80 5,43

22 | 86,10 6.4k |6.44 Siraight | 1.80]0 5.15

22} | 8.5 .48 s5.48 |2.12 2,00 ik 215 A8 |
25 | %0.60| 3.03 2.54 | L.44 : 2.235 ok 2.59

24 $5.10 2,69 4,01

25 . | 99.60 5.20 : 5. 3|

25 104,10 ) 5.T5 z.'ns{

27 108.60 .34 a.oai

28 112,80 . ’ 4.96 1.2%

29  |114.00 5.14 - .87,

0 (1460 5.25 .51
AP, |114.85 5.27] °

8pistance of buttocks from center line.
Ppistance of water Lines from base lins.
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Figure 4. - Model 74-A

Figure 5. - Model 75
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Figure 7(2). - Spray photographs of model 74-A free~to-trim.



Figure 7(b). - Spray photographs of model 74-a frese-to-trim.
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Figure 8(a).- Spray photographs of model 75 free-to-trim.
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Figure 8(b).- Spray photographs of model 75 free-to-trim.
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(b) Oy = 5.30 T = g° Cp = .05

Figure 15. - Spray photographs of model 74-A at fixed trim.
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(v) Oy = 5.20 T = 8% Cp = .05

Figure 16. - Spray photographs of model 75 at fixed trim.
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